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Abstract— In this paper we present a new formant tracking 
algorithm where the formant frequencies estimation was based 
on local maxima detection of a time frequency representation. 
This representation can be shown by a scalogram issued from a 
complex wavelet transform. The formant frequency candidates 
are validated as local maxima of scalogram which correspond to 
wavelet ridges. Then in the proposed algorithm, we have 
introduced the computation of center of gravity as tracking 
constraint. We tested our new algorithm by applying it on 
synthesized and natural voiced speech signals. The formant 
trajectories obtained by our algorithm were compared to those 
of manually-edited ones of our Arabic database as reference; 
those given by Fourier transform method and the LPC analysis 
used in Praat. The comparison of the results showed globally the 
adequacy of the first three formant trajectories using complex 
Morlet wavelet refers to the manually-edited formant tracks.   
 
Keywords— Speech processing, Formant tracking, Scalogram,  
                 wavelet ridges, center of gravity, Arabic database.          
I. INTRODUCTION 
The problem of formant tracking has received considerable 
attention in speech recognition research, as formant 
frequencies are known to be important in determining the 
phonetic content as well as the articulator information about 
the speech signal [1]. Indeed, robust formant tracks are 
utilized to identify vowels [2] and other vocalic sounds [3].  
    Although automatic formant tracking has a wide range of 
applications, it is still an open problem in speech analysis. 
Especially, when anti-formants are present, as in most 
consonantal sounds, the underlying resonant frequencies i.e. 
formants are often hidden.  
    In this paper we describe our new automatic formant 
tracking algorithm based on the detection of wavelet ridges 
which are the maximum of the scalogram. This algorithm uses 
a tracking constraint by calculating the centre of gravity for a 
set of frequency formant candidates. Then, to report a 
quantitative evaluation of the proposed algorithm to other 
automatic formant tracking methods we used manually-edited 
formant trajectories of our Arabic database as reference 
prepared specially for this work.  
This paper is presented as follows, we present in section 2, 
the proposed formant tracking algorithm, in section 3, the 
results obtained by comparing the proposed algorithm with 
other automatic formant tracking methods. Finally, we give 
some perspectives in section 4.  
II. FORMANT TRACKING ALGORITHM  
The block diagram presented in (Fig.1) describes the main 
steps of the proposed algorithm. Each element of the block 
diagram is briefly described below. 
 
Fig. 1  Block diagram of the proposed formant tracking algorithm 
A. Re-sampling and Pre-emphasizing  
The sampling frequency used for speech signal in the 
database is16 kHz. Since we are interested in the first three 
formants, we down-sampled the speech signal at 8 kHz for 
computational reasons. Then to accentuate the high 
frequencies, a first order pre-emphasis filter is applied on the 
processed speech signal. 
B. Time-Frequency Analysis 
The goal of time-frequency analysis is to find what 
frequency occurs at what time in a signal. It enables us to 
analyze the non-stationary signals. The time-frequency 
analysis used here is the complex wavelet transform and can 
be shown using a scalogram. This wavelet transforms uses a 
complex wavelet which separates both amplitude and phase 
information [4]. To calculate the scalogram representation, we 
tested three types of complex wavelets which are: Complex 
Morlet (CMOR), Shanon (SHAN) and Frequency B-Spline 
(FBSP) which are included in Matlab wavelet toolbox [5]. 
C. Ridges Detection 
The tracking application described here uses the 
instantaneous frequency to find formants in the speech signal. 
Indeed, we can show that the instantaneous frequencies are 
almost as validated spectral maxima in the time-frequency 
(TF) plane. The accumulation of near instantaneous 
frequencies can therefore find the formants. We applied this 
property to detect the instantaneous frequencies (wavelet 
ridges) in the scalogram and validated as formants using the 
complex wavelet transform. A complex wavelet is used here 
to accurately measure the instantaneous frequency varies more 
rapidly at high frequencies. Thus in this section, we will 
define the instantaneous frequency of a signal, how to validate 
them as local maxima (ridges) of a scalogram. For this we 
consider a complex wavelet defined by [4] [6]:        
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                           (1) 
Where η is the frequency center of waveletψ , g(t) is a real 
and symmetric window used here. The family of TF atoms 
su ,ψ is obtained by scaling the base atom ψ  by s and 
translating it by u. The previous function 
su ,ψ is centred on u, 
like the windowed Fourier atom. If η  denotes the frequency 
center of the base waveletψ , then the frequency center of a 
dilated wavelet is s/η  
The algorithm computes the instantaneous frequencies of 
the input signal f which are considered as local maxima of its 
scalogram. The voiced speech segments of f can be modelled 
with sums of sinusoidal partials. The instantaneous frequency 
can be measured from the ridges of the wavelet transform 
using a normalized scalogram. The normalized scalogram of 
the processed signal f is given in [4] as below: 
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The corrective term ( )ξε ,u is negligible if a(t), analytic 
amplitude of f, and ( )t'φ , the instantaneous frequency which is 
the derivative of the phase of f, vary slowly on the support of 
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the Equation (Eq.2) shows that if the corrective term is 
neglected, then the scalogram is maximum 
at
( )
( ) ( )'u u
s u
η
ξ φ= = . The corresponding TF points ( )( ),u uξ  
are called wavelet ridges. Therefore, the algorithm detects all 
local maxima of scaloagram in points ( )( ),u uξ . Thus, we 
obtained for each formant the combination frequency 
candidates. 
D. Formant Frequency Detection 
In this work, we suppose that the tracking concerns only the 
three first formant tracks, so in each case of analysis, we have 
split the set of formant frequency candidates that were 
detected previously into three wide bands respectively for 
each formant track. The algorithm proceeds, then, to removing 
ridges corresponding to small amplitude below a given 
threshold, because they may be, for instance, instantaneous 
frequency specific to the fundamental frequency F0 [7] . Then, 
we calculate the frequencies corresponding to the remaining 
ridge points.  
E. Tracking Constraint 
It is considered that in general, formants vary slowly in 
time, which leads to impose a continuity constraint in the 
process of selecting formant frequencies from the set of 
candidates.  
In this algorithm we propose the calculation of the centre of 
gravity for a set of formant frequency candidates, detected by 
the local maxima detection stage, as a constraint of tracking 
between signal frames. Since the detection of local maxima 
gives several candidates close together for one formant, the 
idea is to calculate the centre of gravity of the set of 
instantaneous frequency candidates located in the frequency 
band weighted by the spectral energy. The resulting frequency 
f is given by: 
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Where fi is the frequency of the i
th candidate and pi its 
spectral energy and n is the number of instantaneous 
frequencies considered. Considering centre of gravity instead 
of isolated candidates allows smooth formant transitions to be 
recovered. 
F. Smoothing Formant Trajectory  
To smooth the formant trajectories, first we interpolate the 
sequence of points resulting from the previous step of 
calculating the tracking constraint. Then, we calculate the 
moving average value of each point of the trajectory with the 
frequencies already previously chosen that is to say, bearing in 
each time the track history. Following this step, the 
trajectories corresponding to the first three formants are 
continuous and very smooth. 
III. RESULTS AND DISCUSSION 
We tested our proposed formant tracking approach on 
synthetic vowels (/a/, /i/et /u/) before moving on to real speech 
signals. To calculate the scalogram, we tested three kinds of 
complex wavelets: Morlet (CMOR), Frequency B-Spline 
(FBSP) and Shanon (SHAN). First, we tested the three 
wavelets to set the appropriate parameters for each wavelet 
gives good scalogram resolution and ridge detection. The 
common parameters for the three wavelets are
b
f  (bandwidth) 
and 
cf (center frequency of the wavelet) and with the extra 
parameter of the wavelet FBSP noted m which is the order 
derivative parameter where ( )1≥m . Finally, we set a choice: 
CMOR (
bf = 10 and cf  = 1), FBSP (m = 10, bf = 1 and cf = 1) 
and SHAN (
b
f = 0.1 and cf = 1). The quantitative evaluation 
of our method consists in calculating the averaging absolute 
difference in (Hz) refer to (Eq.4) and the standard deviation 
normalized with respect to reference values in (%) refer to 
(Eq.5) for every formant track (F1, F2 and F3). We use our 
prepared Arabic database as reference [8].  
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Where rF is the reference formant frequency, cF  the 
calculated formant frequency corresponding to each formant 
tracking methods, N the total number of formant frequencies 
for each formant trajectory and p is the counter of formant 
frequencies for each formant trajectory: p=1 to N values. 
TABLE I 
QUANTATIVE RESULTS OBTAINED ON SYNTHETIC VOWELS /a/, /i/ 
et /u/ 
 
The color values displayed in the table above are the high 
difference values (more than or equal to 90Hz) between the 
values estimated by each method of automatic formant 
tracking and reference value. The red values correspond to the 
calculation of the mean absolute difference (Diff in Hz) and 
the blue ones correspond to the calculation of the 
corresponding standard deviations (in %). 
When comparing the results shown in the table1 for the 
proposed algorithm by testing the three complex wavelets we 
notice that the results using the wavelet CMOR are largely 
better than the other wavelets especially for the synthetic 
vowel /i/. However, we notice globally the performance of the 
proposed automatic formant tracking algorithm based on 
wavelets detection concerning three synthetic vowels. 
Then, we examined results obtained for the short vowel /a/ 
within the syllable CV preceded by one consonant from every 
phonetic class for each formant track (F1, F2 and F3). The CV 
occurrences were taken from the four following sentences:” 
 	 A BC 	 D EF” (“arafawa:liyanwaqa:idan” which means 
“He knew a governor and a commander”),”  B    B
  	 “(“laqadka:namusa:limanwaqutila” which means “He 
was a pacifist and was killed”), “ B  ”(“hiyahuna: 
laqada:bat” which means “She is here and she was pious”) 
and “C !A "BC #”(“qa:daljaya” which means “He commanded 
the army”). 
To quantitatively evaluate the proposed algorithm, we 
compare it with our automatic method based on Fourier ridges 
detection [13] and the LPC method integrated in Praat [14]  
using our   prepared database as a reference [8].  
TABLE II 
 RESULTS OBTAINED ON THE VOWEL/a/ PRONOUNCED BY A 
MALE SPEAKER M1.  
 
When comparing the results shown in the table above for 
the proposed algorithm by testing the three complex wavelets 
we observe as well as the results using the wavelet CMOR are 
slightly better than the other wavelets so there are an accurate 
formant tracking since values error of the mean absolute 
difference and standard deviation (less than 10 Hz) are very 
small compared to the values of other wavelets and thus its 
formant tracking is near or close to the manual formant 
trajectories reference. 
  The results show that the formant tracking is generally 
good for all three formants of the short vowel / a / whatever 
the nature of the consonant which preceded it. This is true for 
all three methods Praat, Fourier and wavelet. By cons, the 
error values (the red values) are localized in F3 in the case 
where the preceding consonant is / r /. 
 Moreover we can see also that the proposed algorithm 
using CMOR wavelet transform and Fourier method are also 
very close to the reference against LPC method via Praat. 
Then, we compared our new method based on wavelet 
(CMOR) detection with the same automatic formant tracking  
Fourier and LPC methods with other male speakers M2, M3, 
M4 and M5 for the same vowel / a /. The syllables CV are 
always taken from the same four sentences cited above. In this 
paper we presented only the Table III with two male speakers 
M2 and M3. 
 
From the results studied on five speakers (M1, M2, M3, M4 
and M5), we notice that the number of errors (red values) is 
generally less for three formant tracking by the proposed 
method using CMOR than other methods Fourier and LPC. 
This method therefore provides an accurate formant tracking 
(F1, F2 and F3) very close to the reference. The results of 
Fourier and wavelet methods are very similar in some cases 
since both have fewer errors than the LPC method.  
 
The results show that the formant tracking is generally 
good for all three formants of the short vowel / a / whatever 
the nature of the consonant which preceded it. This is true for 
all three methods Praat, Fourier and wavelet. By cons, the 
error values (the red values) are localized in F3 in the case 
where the preceding consonant is / r /. It can be explained by 
the fact that the vowel / a / is preceded by a consonant tap / r / 
(very short) and followed by the fricative / f / and this is due 
to the effect of coarticulation. These results are verified for all 










 RESULTS OBTAINED ON THE SHORT VOWEL /a/ IN SYLLABLE CV 
WITH DIFFERENT TYPES OF CONSONANT FOR TWO DIFFERENT 
MALE SPEAKERS M2 AND M3 
 
TABLE IV 
 RESULTS OBTAINED ON THE SHORT VOWEL /a/ IN SYLLABLE CV 
WITH DIFFERENT TYPES OF CONSONANT FOR TWO DIFFERENT 




When doing the same tests with female speakers, we found 
that overall formant tracking is correct for all three methods 
and three female speakers W3, W4 and W5. (In this paper we 
presented only the Table IV with two female speakers W3 and 
W4) 
The results in table IV show that the formant tracking is 
generally good for all three formants of the short vowel / a / 
whatever the nature of the consonant which preceded it. This 
is true for all three methods Praat, Fourier and wavelet except 
in cases where the vowel is preceded by the consonants / r / 
and / d /, we notice that we always have a good F1 for the 
three methods even if there are some mistakes sometimes 
located especially in F3 or F2. This observation is verified for 
all three female speakers. 
The case of the vowel / a / preceded by / d / can be 
explained by the fact that vowels are proceeded by dental 
consonants there is slight changes in F2 and F3, but this 
phenomenon is not specific to Arabic. 
 
Then we tested our approach on all different long and short 
vowels. These tests were made to four speakers M1, M4, M2 
and M3. In this paper we presented only the Table V with two 
male speakers M2 and M3. 
 
We notice that the tracks F1, F2 and F3 are correct for 
vowels / a / and A /. This is true for all three methods and four 
speakers because there is practically no errors (red values) for 
these two cases. We notice from the results that errors occur 
most frequently in F3 for vowels / i / and / I / and specifically 
for vowels / u / and / V /. We also found that the results of 
wavelet and Fourier methods were often close in some cases 
but the proposed method is sometimes better.  
However, the LPC method presented poor tracking 
formants concerning vowels / u / and / U /.  
 
We did the same tests on the three female speakers W3, W4 
and W5. 
To sum up, we conclude that in the case of tests on long 
and short vowels with male speakers, we notice from the 
results that errors occur most frequently in F3 for vowels / i / 
and / I / and specifically for vowel / u / and / V /. 
 
In the case of female speakers, the results showed that the 
formant tracking of F1, F2 and F3 is correct only for the 
vowels / a / and A /. The results obtained in the case of female 















RESULTS OBTAINED ON THE TERMS OF SHORT AND LONG 
VOWELS EXTRACTED FROM SENTENCES ISSUED OF OUR 
DATABASE UTTERED BY TWO MALE SPEAKERS M2 AND M3. 
 
IV. CONCLUSIONS 
In this paper we present a new formant tracking algorithm 
where the formant frequencies estimation was based on the 
detection of instantaneous frequencies similar to local maxima 
of a time frequency representation issued from a complex 
wavelet transform. The formant frequencies candidates are 
validated as local maxima of time frequency representation 
which correspond to wavelet ridges. We explored our Arabic 
database labeled in terms of formants as reference to evaluate 
the proposed algorithm. Following tests on synthetic and real 
signals, we found that our proposed algorithm using CMOR 
wavelet transform present an accurate formant tracking 
compared to LPC analysis and refer to the reference. 
        Future work will target the improvement of this 
method especially for high frequency formants and its 
adaption on speaker’s gender variability. 
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